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Abstract 
 
The main groups of microorganisms involved in the biodegradation of petroleum hydrocarbons are bacteria 
and fungi. We used soil samples polluted with crude oil for isolating the microorganisms. A number of 41 bacterial 
strains and 21 fungal strains were isolated. The microorganisms isolated and obtained in pure culture were tested on 
media with different concentrations of oil, aiming at their biodegradation capacity. The bacterial strains of the genera 
Enterobacter, Escherichia, Pseudomonas, Bacillus, Klebsiella, Acinetobacter and fungal strains of the genera 
Aspergillus, Penicillium, Trichoderma, Rhizopus, Scopulariopsis, Paecilomyces showed good and very good results, 
concerning their ability to degrade petroleum hydrocarbons. These were used to create the microbial consortium. 
 
Keywords: bioremediation, petroleum, bacteria, fungi, microbial consortium 
 
 
 
1. Introduction 
 
The pollution phenomenon accounts for the 
environmental contamination with materials that 
interfere with human health, with the quality of life 
or the function of natural ecosystems (living 
organisms and their environment).  
Crude oil is a complex mixture of 
hydrocarbons summing hundreds of individual 
compounds with different chemical structure and 
molecular weight plus a series of lower molecular 
weight compounds other than hydrocarbons 
(phenols, thiols, naphthenic acids, heterocyclic 
compounds with N (pyridines, pyrrole, indole, s.o.) 
S compounds (alkyl thiols, thiophene, etc.) [7]. 
These substances play an important role in the 
health of plants, animals and humans [6]. 
 
 
 
* Corresponding author.  
Tel.: 0264596384; Fax: 0264593792 
e-mail: laura_d0b0s@yahoo.com 
 
The pollution of soil with different amounts 
of petroleum hydrocarbons affects the biochemical 
and chemical processes in plants. A concentration of 
0.5% oil in soil the speed of plant development is 
reduced and a concentration of 4% kills the plants 
(table 1). 
The bioremediation of soils contaminated 
with petroleum and petroleum products is the 
biological process in which the hydrocarbons are 
degraded by microorganisms. Microorganisms used 
in this process are mainly the indigenous 
microorganisms but can also be used 
microorganisms isolated from elsewhere and 
inoculated on contaminated soils. In the process of 
biodegradation results CO2, H2O and substances that 
are environmentally friendly. 
The microorganisms involved in the 
biodegradation of hydrocarbons are: bacteria, fungi, 
yeasts and algae. The most important groups of 
microorganisms involved in the biodegradation of 
hydrocarbons are bacteria (Achromobacter sp., 
Acinetobacter sp., Alcaligenes sp., Arthrobacter sp., 
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Bacillus sp., Brevibacterium sp., Corynebacterium 
sp., Flavobacterium sp., Micrococcus sp., 
Mycobacterium sp., Nocardia sp., Pseudomonas sp., 
Spirillum sp., Serratia sp., Rhodococcus sp., Vibrio  
 
sp.) and fungi (Apergillus sp., Cephalosporium sp., 
Cladosporium sp., Fusarium sp., Graphium sp., 
Geotrichum sp., Mucor sp., Penicillium sp., 
Rhizopus sp., Trichoderma sp.). 
 
Table 1. The harmful effect of petroleum hydrocarbons on soils and on soy and cereals crop 
Oil in soil % Effects on crops on equal surfaces Hydrocarbons content 
mg/kg 
< 0.5 Improvement of plant development < 5,000 
0.5 Possible reduction of plant development speed 5,000 
0.5 - 1.0 Production decrease up to 40% 5,000 - 10,000 
1.0 - 2.0 Delicate plants, production decrease up to 100% 10,000 - 20,000 
≥4.0 All plants die ≥ 40,000 
   Source: [8] 
 
 
2. Material and method 
The soil samples for the isolation of the 
microorganisms were collected from two different 
oil polluted sites from different geographical areas, 
Ploieşti and Suplacu de Barcău; the sampling was 
made from five different points for each oil site. 
The soil samples were dried and passed through a 
sieve with 2 mm diameter, then were mixed 
resulting one average sample for each site. 
 
Culture media used for isolation of 
microorganisms  
Topping medium and Nutrient Agar Merk 
medium were used for the isolation of the bacteria 
from the soil samples [2]. The identification of the 
bacterial strains from biochemical point of view 
was made with the API 20 E system. 
The isolation of the fungi from the soil 
samples was made on Czapeck medium [3]. To 
inhibit the bacterial growth was added 0.05 g/l 
streptomycin sulfate in the medium [5]. 
 
The culture medium used for testing the 
biodegradative ability of the isolated 
microorganisms  
The culture medium selected for testing the 
biodegradative ability of the bacterial strains was the 
mineral medium (Difco Bushnel-Hass Broth) [2] 
and for the fungal strains were used two types of 
mineral medium. 
The mineral media 1, used by [1], contained: 
K2HPO4 – 4.74 g, KH2PO4 – 0.56 g, MgSO4 - 0.50 
g, NaCl - 10.0 g, CaCl2 - 0.10 g, NH4NO3 - 2.50 g, 
with the medium pH adjusted to 4.0 
The mineral media 2 had the following 
composition: NaCl - 10.0 g, MgSO4⋅7H2O - 0.42 g, 
KCl - 0.29 g, KH2PO4 – 0.83 g, Na2HPO4 - 1.25 g, 
NaNO3 - 0.42 g, and the medium pH was adjusted to 
7.2 [4]. In this medium was added streptomycin 
sulfate 0.08 g/l to inhibit the growth of bacteria.  
 
In all the variants of mineral medium was 
added different quantities of crude oil (2 ml/l 
medium and 4 ml/L medium), which is the carbon 
source for the development of the microorganisms. 
 
The multiplication of microorganisms 
For the multiplication of the isolated 
microorganisms were used Topping liquid medium 
and Czapeck liquid medium. 
 
The determination of petroleum hydrocarbons 
content 
The content of petroleum hydrocarbons from 
the contaminated soil was determined by ICIA Cluj. 
The soil analysis was made on in the moment 
of microbial consortium application, respectively at 
60 and 120 days. The microbial consortium was 
applied to a soil polluted with three different 
concentrations of hydrocarbons: 10.000 mg/kg 
(1%), 30.000 mg/kg (3%) and 50.000 mg/kg (5%). 
 
3. Results and Discussions  
 
A number of 21 bacterial strains and 9 fungal 
strains were isolated from the Ploieşti oil site and 
from Suplacu de Barcău a number of 20 bacterial 
strains and 12 fungal strains. The bacterial strains of 
the genera Enterobacter, Escherichia, Pseudomonas, 
Bacillus, Klebsiella, Acinetobacter and fungal 
strains of the genera Aspergillus, Penicillium, 
Trichoderma, Rhizopus, Scopulariopsis, 
Paecilomyces which use as carbon source the crude 
oil hydrocarbons have been used to create microbial 
consortia. The identification of isolated bacteria was 
based on morphological characteristics (Gram 
staining, bacterial cell shape and size), cultural 
aspects of the colony (shape, appearance of 
smoothness, the degree of transparency etc.) and 
biochemical characteristics (ONPG, ADH, LDC, 
ODC, CIT, H2S, URE, TDA, IND, VP, GEL, GLU, 
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MAN, INO, SOR, RHA, SAC, MEL, ARA, OX 
etc.). 
The identification of isolated fungi was based 
on morphological and cultural characteristics of 
each fungal strain. 
Generally, biodegradation of petroleum 
hydrocarbons is carried out in several stages and it 
is not specific as the result of a single 
microorganism, because the microorganisms act 
synergistically, that’s why were created three 
microbial consortia: 
a) The microbial consortium 1 (CM1) is 
composed of 16 bacterial strains and 9 fungal strains  
 
 
isolated from soil collected from Ploieşti; 
b) The microbial consortium 2 (CM2) is 
composed of 12 bacterial strains and 12 fungal 
strains isolated from soil sample from Suplacu de 
Barcău oil site; 
 c) The microbial consortium 3 (CM3) was 
obtained from the combination of the both consortia. 
The microbial consortia have been applied on 
the soil with polluted different quantities of 
petroleum hydrocarbons.  
The figure 1 shows the bioremediating effect of 
the microbial consortium composed of 
microorganisms isolated from Ploieşti petroleum site. 
 
 
 
       
In the case of the soil contaminated with 
10.000 mg/kg oil, there was a reduction in oil 
content to a value below 5.000 mg/kg, after 60 days 
from the application of the microbial consortium, 
which means that this soil can be used as support for 
plant cultivation, this quantity favouring growth and 
development. 
After the analysis performed at the end of the 
experiment was observed a decrease of hydrocarbon 
content in all the experimental variants, the most 
obvious results appeared at the soil contaminated 
with Ploieşti oil. 
 
4. Conclusions 
 
The microbial consortium composed of 
microorganisms isolated from the Ploieşti site had 
biodegradative effect on the soil polluted with 
different oil concentrations. 
Following the bioremediation process of 
hydrocarbon content at the variant with 1% 
contamination the oil concentration, felt below 
5.000 mg/kg; this soil is appropriate for plant 
cultivation. 
In the situation of the soil polluted with 3% 
and 5% oil it is recommended a biological repair 
process longer than 120 days. 
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